A study was conducted to determine the effect of seasons in 23 different Kenyan commercially released tea cultivars. This was done for three seasons viz: cold and wet, cold and humid, hot and dry. The cold and wet season was shown to be the best for obtaining high levels of theanine while the hot and dry season resulted in decrease in theanine levels in most of the test cultivars thus showing seasonal variation on the levels of theanine. Theanine content was determined using High Performance Liquid Chromatography (HPLC). On average, TRFK 31/8 contained 1.20% dw of theanine and highest in green tea while TRFK 56/89 contained 0.97% dw of theanine and highest in black tea. Green tea contained higher theanine levels than black tea and this has been shown in most of the test cultivars. To achieve the health benefits of theanine, one should drink 4 cups of tea brewed from cultivars with 0.63% dw and more of theanine. Also theanine levels were determined in the different partitions of the tea shoot (4 leaves + bud) and the internode contained the highest theanine levels up to 3.26% dw for both cultivars compared to the leafy partitions.
Introduction
Tea is one of the most popular drinks in the world and has been perceived as being healthy. Tea drinks have been reported to have chemopreventive effects that inactivate potentially harmful free radical oxygen in the body system [1] - [5] . Moreover, tea drinks are known to prevent obesity [6] , breast cancer [7] , coronary heart [8] and cardiovascular [9] diseases. These beneficial effects have been attributed to the presence of compounds such as polyphenols, amino acids, vitamins, carbohydrates, and purine alkaloids [10] . Theanine is a non-protein amino acid that was first discovered in tea leaves [11] and has also been found in bay bolete mushroom, Xerocomus badius [12] [13] .
Theanine is a predominant amino acid, 1% -2% of the dry weight of the leaves comprises about 50% of total protein [14] . It was first identified by Sakato in tea leaves as the main free amino acid component that can influence the major umami constituents of tea [15] . Various health effects have been associated with L-theanine, such as neuroprotective effects, which ultimately enhanced nervous attention. On the basis of two parallel techniques, i.e. electroencephalographic (EEG) and behavioral modules indicated that L-theanine influences functionality of brain [16] . Current consensus regarding theanine has explained its effect in mitigation of mental and physical stress due to its ability to cross the blood-brain barrier [17] . Moreover, it enhances cognition and behavior in a systematic manner with caffeine. In addition, L-theanine helps boost immunity against infection by enhancing the disease-fighting ability of gamma delta T cells [18] . Recently, array of biochemical modulations proved theanine's effectiveness to enhance the activity of several antitumor agents, including doxorubicin (DOX) [19] . In addition to neuro-functionality and antitumor activities, its role as hepatic protective agent is also well documented. During oxidative stress it protects the liver damage by increasing glutathione level via metabolism through glutaminase and c-GTP [20] .
Theanine levels in different tea cultivars have been determined in other tea growing countries especially in China, Japan but no much work has been done on Kenyan released tea cultivars. This study was carried out to determine the effect of seasons on theanine levels in different selected released cultivars and in different parts of the tea shoot. Since no much work has been done on this, it has not yet been known if the Kenyan cultivars are of health benefit with respect to this amino acid.
Materials and Method

Experimental Site and Design
The experimental design was a completely randomized design. This study was carried out at the Timbilil estate (0˚22' South, 35˚21' East, elevation 2180 m a.m.s.l.) located at Tea Research Institute (TRI) based in Kericho, Kenya. The determination of the theanine levels in the selected commercially released cultivars was done for three seasons, where the first season (July to September, 2011) was done when weather conditions were cold and wet, the second season (October to December, 2011) was cold and humid (less rainfall) and the third season (January to March, 2012) which was hot and dry. Two different leaf colored cultivars were also partitioned into five partitions and theanine levels were determined in these different partitions.
Sample Collection and Pre-Treatment
Twenty three (23) TRFK 301/5 (ordinary green leaf colored cultivar) and TRFK 91/1 (purple leaf colored cultivar) were also sampled in order to determine their theanine levels in different parts of the tea shoot (4 leaves + a bud). The samples were taken to the institute's miniature factory and steamed on arrival. They were then partitioned into first leaf, second leaf, third leaf, fourth leaf and internode.
Sample Preparation
1.00 ± 0.0001 g of a finely ground sample was weighed into a 200 ml beaker and 100 ml of boiling double dis-tilled water was added. The sample was then allowed to brew for 5 minutes on a hot plate (MHK-4, Mrc, Germany) while stirring. The sample was allowed to cool, made up to volume by double distilled water and filtered using a 0.45 µm membrane into sample vials. Theanine is only soluble in water and insoluble in organic solvents like ethanol, methanol, chloroform and ether [21] [22].
Preparation of Working Solutions
To obtain a standard stock solution, 50.0 ± 0.01 mg of pure L-theanine was accurately weighed into a 50 ml volumetric flask and dissolved with double distilled water by the aid of sonication using Ultra Sonic Bath (XB14, Grant, England) and made up to the volume with the double distilled water. Standard working solutions were prepared by serial dilution of the standard stock solution and were in the concentration range of 20 -80 µg/ml.
Chromatographic Determination of Theanine
The theanine content determination in the test samples was done by High Performance Liquid Chromatography (HPLC). The HPLC used was a Shimadzu LC 20 fitted with an SIL 20A auto sampler and an SPD-20 UV-Visible detector (set at 210 nm) with a class LC10 chromatograph workstation, manufactured in Kyoto, Japan. The method was developed by [23] , has been undergoing international ring test and described by [24] .
Statistical Analysis of Data
The results obtained were subjected to Analysis of Variance (ANOVA) using MSTAT statistical software for windows version 2.10 at p < 0.05. The Least Significant Difference (LSD) test was used for mean separation where statistically significant differences were observed. Data are presented as a mean of triplicate determinations ± standard deviation (SD).
Results and Discussion
Theanine levels were determined using HPLC and a sample of a chromatogram obtained from theanine standard and test cultivar have been shown in Figure 1 and Figure 2 respectively. Green and black tea were processed from the respective cultivars and the results obtained were as follows. 
Green Tea
The levels of theanine in the 23 cultivars of green tea processed during the three seasons were as graphically represented in Figure 3 . During the first season (July-September, 2011), the linear calibration curve obtained (y = 8707.4x + 6075.4, r 2 = 0.9996), demonstrated adequate linearity and was used to calculate theanine levels during this season for both green and black tea. Theanine levels in the twenty three cultivars ranged between 0.54% -1.50% dw. TRFCA SFS 150 contained the highest amount of theanine while TRFK 6/8 contained the lowest amount during this season. TRFK 31/8 and TRFK 7/9 theanine levels were not significantly different from each other (p > 0.05). Most of the cultivars analyzed contained 0.6% dw of theanine and more. TRFK K-Purple was the only purple cultivar in this study and it was among the cultivars with high theanine levels. TRFK K-Purple contained theanine in comparable amounts to TRFK 7/3 and TRFK 11/26. Therefore it is double rich as it contains both anthocyanins (potent antioxidants) and theanine.
During the second season (October-December, 2011), the same number of cultivars were analyzed and a linear calibration line, y = 10284x + 2520.9 (r 2 = 0.9999) was obtained and used to calculate theanine levels for both green and black tea. The amount of theanine in green tea ranged between 0.59% -1.34% dw. The cultivar that contained the highest theanine level in green tea was TRFCA SFS 150 with 1.34% dw and the lowest was TRFK 7/14 with 0.59% dw. On average, most of the green tea contained 0.7% dw of theanine. Though TRFCA SFS 150 contained highest theanine levels (1.34% dw), its levels were not significantly different (p > 0.05) from that contained in TRFK 56/89 (1.28% dw) and TRFK 7/9 (1.28% dw). TRFK 7/14 theanine levels of 0.59% dw were not significantly different (p > 0.05) from the levels in TRFK 301/4 (0.63% dw), TRFK 303/178 (0.64% dw), TRFK K-Purple (0.73% dw), and TRFK 31/11 (0.69% dw), even though it contained the least amount of theanine after subjecting the results to Least Significant Difference (LSD) test. TRFK K-Purple contained 0.73% dw of theanine and its content was not significantly different (p > 0.05) from TRFK 303/577 among other cultivars.
In the third season (January-March, 2011), the same number of cultivars were analyzed and a linear calibration line, y = 10100x − 1209.1 (r 2 = 0.9961) was obtained which was then used to calculate theanine levels for both green and black teas. The theanine levels in green tea ranged between 0.14% -1.09% dw. The cultivar that contained the highest amount of theanine was TRFK 31/8 with 1.09% dw and the lowest was TRFK 303/178 which contained 0.14% dw. The theanine level in TRFK 31/8 was not significantly different (p > 0.05) from the content in TRFK 7/3 (1.06% dw) though when the means were ranked TRFK 7/3 was the second highest. TRFK K-Purple contained 0.48% dw of theanine and this was not significantly different (p > 0.05) from the theanine levels in TRFK 12/19 (0.48% dw), TRFK 54/40 (0.52% dw) and TRFK 7/9 (0.52% dw) which were green leaf colored cultivars.
Theanine levels varied during the three seasons with the first and second season having high levels of theanine. The third season showed a decrease in theanine levels in most of the cultivars except TRFK 7/3, TRFK 301/4 and TRFK 6/8 whose theanine levels were highest during this season. TRFK 301/4 is a drought resistant clone while TRFK 7/3 is slightly resistant to drought [25] and this could be the reason why theanine levels in these clones were high. TRFK 6/8 is not drought resistant but contained high levels of theanine. In a study conducted by [24] , theanine levels were shown to be affected by sunlight in that it decreases its levels since it is a biosynthetic precursor of catechins. There could be genetic traits responsible for these results which need to be further studied. There was a variation in theanine levels among the analyzed cultivars in all the seasons. Every cultivar has different genetic composition and some traits might be responsible for this variation and research has to be done on this. The best season to obtain optimum theanine levels was the first and second season when the climatic conditions were favourable.
Black Tea
The results for black tea processed from the 23 cultivars of tea for the three seasons were as graphically represented in Figure 4 . Black tea theanine levels range was between 0.42% -0.98% dw during season one. The cultivar that contained the highest level of theanine was TRFK 108/82 with 0.98% dw and the lowest was TRFCA SFS 150 with 0.42% dw. Most of the black teas contained on average 0.5% dw of theanine. TRFK KPurple contained 0.80% dw and was among cultivars with the highest levels of theanine with its levels being comparable to ordinary green leaf colored cultivars: TRFK 31/8 (0.83% dw), TRFK 301/5 (0.85% dw) and TRFK 11/52 (0.88% dw). Nearly half of the cultivars analyzed contained theanine below that of TRFK K-Purple. The best quality black tea cultivar TRFK 6/8 contained 0.47% dw and this was not significantly different (p> 0.05) from its progeny TRFK 303/577 (0.49% dw) but significantly different (p < 0.05) from TRFK 303/178 (0.62% dw) and TRFK 303/216 (0.63% dw) which are also its progenies. The levels of theanine ranged between 0.35% -1.11% dw during season two. The cultivar that contained the highest amount of theanine was TRFCA SFS 150 and TRFK K-Purple with 0.35% dw contained the lowest. The theanine levels in TRFCA SFS 150 was not significantly different (p > 0.05) from the levels in TRFK 12/12, TRFK 56/89, TRFK 31/8 and TRFK 303/259. Most of the cultivars contained 0.6% dw of theanine on average during this season. The best quality black tea cultivar TRFK 6/8 contained 0.65% dw and was not significantly different (p > 0.05) from TRFK 301/5 (0.70% dw), TRFK 7/3 (0.63% dw), TRFK 31/11 (0.64% dw) TRFK 11/52 (0.67% dw) and TRFK 303/216 (0.59% dw) among others. TRFK 303/259 being a progeny of TRFK 6/8 contained 1.02% dw of theanine which was higher and significantly different (p < 0.05) from its mother bush (parent). TRFK 303/178, a progeny of TRFK 6/8 contained 0.51% dw of theanine which was lower and significantly different (p < 0.05) from TRFK 6/8 (parent). The differences in theanine levels between the TRFK 6/8 with its progenies could be due to inherited genes from the mother bush. Some genetic traits could be more in one progeny and less in another. This is yet to be established by plant breeders.
The theanine levels ranged between 0.21% -1.00% dw during the third season. The cultivar that contained the highest level of theanine was TRFK 54/40 with 1.0% dw and the lowest was TRFK 31/11 with 0.21% dw. TRFK 31/11 is affected severely by drought and this could be the reason its theanine levels were low. Theanine levels in TRFK 54/40 were not significantly different (p > 0.05) from the levels in TRFK 56/89 (0.98% dw) and TRFK 11/52 (0.88% dw). TRFK K-purple cultivar contained 0.46% dw and was also in the range of some ordinary green leaf colored cultivars. TRFK K-Purple theanine levels were not significantly different (p > 0.05) from the levels in TRFK 6/8 (0.47% dw) which is well known for the production of high quality black tea. Theanine levels in TRFK 6/8 (0.47% dw) was also not significantly different (p > 0.05) from two of its progenies: TRFK 303/178 (0.58% dw) and TRFK 303/259 (0.55% dw) but significantly different (p < 0.05) from TRFK 303/216 (0.66% dw) which is also its progeny. This could also be due to genetic traits inherited from the mother bush.
Theanine levels varied in the three different seasons for the different cultivars. Some clones contained high theanine levels during season one then decreased during season two while others increased also during the second season. In the third season, theanine levels decreased in most of the cultivars except a few which increased. This could have been due to the climatic conditions [26] [27] during this season which was hot and dry. There is no much documented work that has been done on these cultivars seasonally. Theanine level variation in cultivars could also be due to enzymes responsible for theanine synthesis: glutamine synthetase, glutamine synthase, glutamate dehydrogenase, alanine transaminase alanine decarboxylase and theanine hydrolase which could be differentially expressed in different clones [28] .
A Comparison of the Theanine Levels in Green and Black Teas during the Three Seasons
The results from three different seasons were also averaged and graphically represented as shown in Figure 5 .
The results from the three seasons showed that green tea contained more theanine than black tea in most of the cultivars analyzed. TRFK 31/8 contained the highest theanine level in green tea with 1.20% dw and the lowest being TRFK 303/216 with 0.50% dw while in black tea TRFK 56/89 contained the highest theanine with 0.97% dw and TRFK 7/14, TRFK 31/11 contained the lowest with 0.43% dw each. TRFK K-Purple cultivar contained theanine comparable to the ordinary green leaf colored cultivars such as TRFK 301/4, TRFK 301/5, TRFK 12/19, TRFK 11/4, TRFK 6/8, and TRFK 100/5 in green tea and even higher than some other green leaf colored cultivar in this study. TRFK 6/8 contained 0.53% dw and has all along been known to be best for black tea manufacture. TRFK 6/8 levels were lower than those of its progenies. Most of the green tea processed and analyzed in this study contained more theanine than black tea processed from the same cultivars. The delay in processing might have also resulted in other cultivars having no significant difference (p > 0.05) in both black and green tea like TRFK K-Purple and TRFK 7/3 during the three seasons. Theanine levels variations in cultivar could have been due to difference in genetic traits, since every cultivar has different gene traits. TRFK 6/8 being well known for black tea, contained theanine in comparable amounts to other cultivars sampled in this study and especially K-Purple which is also anthocyanin rich. A study conducted by [29] analyzed some cultivars that were done in this study though from a different location (Kangaita) for Theanine has been reported to be antihypertensive and this was shown to be dose dependent. A dose of 50 -200 mg per day was shown to be of health benefit. In this study, most of the green and black tea processed from their respective cultivars were shown to be of health benefit since their theanine levels on average were high. For every cup of tea, 2 g of tea leaves (tea bags) are used and upon conversion into the amount contained in a cup, a cultivar like TRFK 31/8 (1.20% dw) contained 24 mg of theanine. After drinking 3 cups (72 mg) of tea will be of health benefit, being antihypertensive among others. The lowest theanine levels on average obtained in this study was 0.43% dw in TRFK 31/11, TRFK 7/14 and both were black tea. One would take 6 cups (51.6 mg) of tea to achieve the health benefits of theanine from these two cultivars.
Difference in Leaf Parts and Coloration
Theanine levels in the different partitions of the tea shoot varied in the two cultivars (Figure 6 ): TRFK 301/5 and TRFK 91/1. TRFK 91/1 contained 0.50% dw while TRFK 301/5 contained 0.79% dw of theanine in the bud. TRFK 91/1 contained 0.22% dw while TRFK 301/5 contained 0.40% dw of theanine in the first leaf. TRFK 91/1 contained 0.33% dw while TRFK 301/5 contained 0.70% dw of theanine in the second leaf. TRFK 91/1 contained 0.34% dw while TRFK 301/5 contained 0.74% dw of theanine in the third leaf. TRFK 91/1 contained 0.42% dw while TRFK 301/5 contained 0.59% dw of theanine in the fourth leaf. TRFK 91/1 contained 0.94% dw while TRFK 301/5 contained 3.26% dw of theanine in the internode. Theanine levels in these different partition for the two clones were significantly different (p < 0.05).
TRFK 91/1 was a purple leaf colored cultivar while TRFK 301/5 was an ordinary green leaf colored cultivar. TRFK 301/5 contained the highest levels of theanine in all the partitions and had an average of 1.08% dw while TRFK 91/1 had 0.46% dw. The internode was the only partition that contained the highest amount of theanine in all the partitions for the two clones. The results in this study showed that green leaf colored cultivar contained more theanine than purple leaf coloured cultivar. A study conducted by [29] , showed that purple leaf colored 
Conclusion
Theanine levels varied with different test cultivars. The levels were also affected by different climatic conditions (seasons) with the hot and dry season showing a decrease in theanine levels in most of the clones. Green tea contained higher theanine levels than black tea. The ordinary green leaf colored cultivar contained higher theanine levels than the purple leaf colored cultivar which was also anthocyanin rich. The internode was shown to contain high levels of theanine compared to the leafy partitions.
